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Abstract Introduction
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Multiresistant Gram-positive cocci, including Staphylococ-
cus aureus, the group of coagulase-negative staphylococci, 
Enterococcus faecalis and Enterococcus faecium, as well as 
Streptococcus pneumoniae and other streptococci, represent 
emerging pathogens. This issue is especially concerning in 
the setting of immunocompromised, hospitalized patients, in 
particular when surgery, invasive procedures, or prosthetic 
implants are carried out, patients are admitted in intensive 
care units, or underlying chronic disorders and immunode-
ficiency are of concern, and broad-spectrum antibiotics are 
widely used in the environment; moreover, a community 
spread of resistant Gram-positive cocci has been recognized 
during recent years. The spectrum of antimicrobials available 
for an effective management of these relevant infections is 
significantly threatened by the emerging of methicillin-resist-
ant and more recently glycopeptide-resistant strains. The 
streptogramine association represented by quinupristin/dal-
fopristin, the oxazolidinone derivative linezolid, and the re-
cently licensed daptomycin and tigecycline, together with a 
number of glycopeptides, fluoroquinolones, cephalosporins, 
and other experimental compounds, represent an effective 
response. It is due to the innovative mechanisms of action 
of these compounds, their maintained or enhanced activity 
against multiresistant pathogens, their effective pharmacoki-
netic/pharmacodynamic properties, their frequent possibility 
of synergistic activity with other compounds effective against 
Gram-positive pathogens, and a diffuse potential for a safe 
and easy administration, also to compromised patients. The 
main problems related to the epidemiology of multiresistant 
gram-positive infection, the potential clinical indications of all 
recently available compounds compared with the standard of 
care of treatment of resistant Gram-positive infections, and 
updated data on efficacy and tolerability of all these com-
pounds, are updated and outlined on the ground of a review 
of recent literature evidences.

Key words: Enterococci, glycopeptides, Gram-positive or-
ganisms, novel antimicrobial agents, oxazolidinones, Pneu-
mococci, resistance, Staphylococci, streptogramins

Especially among nosocomial pathogens, since early eighties 
a significant reversal of tendency was observed, character-
ized by a predominance of Gram-positive over Gram-nega-
tive bacteria (which represented the most relevant concern 
in the two prior decades)1-5. The increased life expectancy of 
the general population, the extended survival of patients with 
underlying immunodeficiency and/or chronic disorders, the 
advances of surgical techniques and those of invasive diag-
nostic and therapeutic procedures and bone marrow and solid 
organ transplantation, the diffusion of prosthetic materials 
and other biocompatible materials, and the increased resort 
to endovascular catheters and devices, represent emerging 
risk factors for massive bacterial colonization, which turns into 
an increased risk of local and systemic infection. Moreover, 
the increased and prolonged administration of broad spec-
trum antimicrobial agents and their associations, and the wide 
employment of antufungal agents, all as therapeutic and/or 
prophylactic compounds in the immunocompromised to other-
wise at risk host, extensively contribute to the re-emerging of 
Gram-positive pathogens, especially via a prolonged hospital 
admission. Among these microorganisms, both coagulase-
positive and coagulase-negative Staphylococci and Entero-
cocci are of particular concern in the hospital setting, because 
of their rising frequency, the severity of associated diseases, 
and the unpredictable spectrum of drug resistance1,2,4-8. This is 
also increasingly true in the pediatric population5,9,10.

On the other hand, in the community setting Pneumococci 
and other Streptococci remain the main respiratory patho-
gens, and their antibiotic resistance rate are progressively on 
the rise, although both macrolide- and beta-lactam resistant 
pathogens does not pose very striking problem in the majority 
of countries, until now 2-4, 8-12.

Finally, the progressive shortening of hospitalization favors 
the spread of hospital-acquired, nosocomial pathogens into 
the community, where there is increasing concern for the ris-
ing retrieval of microorganisms with a resistance pattern simi-
lar to that observed at the hospital, which may be responsible 
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for an increasing failure of empiric therapeutic lines, when an-
timicrobial agents are administered before obtaining culture 
and in vitro resistance testing, or when cultures and sensitiv-
ity testing are not available or are still pending2,5,10,13.

Together with the ever-evolving modification of multiple envi-
ronmental conditions, the changing features of both host and 
its microbial flora, and the broadened spectrum of currently 
available anti-infective compounds (Table 1), other emerging  
features become prominent, related to the pathomorphism of 
clinical features of a number of infections caused by Gram-
positive pathogens, often those which share an evident po-
tential for the development and spread of antimicrobial resist-
ance. While streptococcal scarlet fever, and post-streptococ-
cal complications like rheumatic disease and acute glomeru-
lonephritis virtually disappeared in the past two decades, 
a number of other disorders caused by highly pathogenic 
Streptococci gained increasing frequency and importance 
in the last decades, including severe cellulites, necrotizing 
fasciitis, and toxic shock syndrome (TSS). When considering 
Staphylococci, the major pathogen Staphylococcus aureus 
steadily ranks at the first place among the majority of nosoco-
mial pathogens, and even in this case novel syndromes char-
acterized by the predominant role of bacterial toxaemia are 
progressively emerging: the so-called staphylococcal scalded 
skin syndrome (or SSSS) is the paradigmatic clinical picture. 
Moreover, severe staphylococcal skin and soft tissue lesions 
have been attributed to the action of the Panton-Valentine 
leukocidin10. Remarkable levels of morbidity and mortality are 
also attributed to coagulase-negative cocci (i.e. Staphylococ-
cus epidermidis and related organisms), especially when vas-
cular or bone-joint prosthetic devices, central vascular lines, 
ventilator-associated pneumonia, and parenteral nutrition are 
of concern. Until a couple of decades ago, the same coagu-
lase-negative staphylococci were mostly considered as trivial 
contaminants, or part of the normal saprophytic human flora. 

In the developed countries of the world, the rate of methicillin 
(oxacillin) resistance of Staphylococci among hospitalized pa-
tients may overcome 20-25% of cases, with an extremely ele-
vated frequency registered in specialized intensive care units 
and bone marrow and solid organ transplant units1,4,5,8,13,14. A 
relevant multicentre survey of nosocomial bacteremia carried 
out in 49 United States hospitals during a three-year period, 
allowed the authors to recognize a 64% prevalence of Gram-
positive pathogens, among over 10,000 identified microor-
ganisms13. When analyzing the frequency of single microor-
ganisms, coagulase-negative Staphylococci (32%) preceded 
S. aureus (16%), and Enterococci as a whole (11%). The 
overall level of methicillin resistance ranked around 29% of 
isolated organisms, with peaks reaching 80%, when coagu-
lase-negative Staphylococci were specifically considered13. 
In a Spain nationwide S. aureus prevalence study, an overall 
increase in resistance to most antimicrobials was detected, 
mainly to oxacillin (from a frequency ranging from 1.5% and 
32.5% in the year 1986, to 31.2%-61.3% in the year 2002), 
although all isolates remained susceptible to available glyco-
peptides, quinupristin/dalfopristin and linezolid, and a sur-
prisingly low resistance rate remained towards cotrimoxazole 
(0.5-2.1%)15. The same phenomenon has been observed at 
a large teaching Hospital in Taiwan, where the noticeable 
rise of methicillin-resistant Staphylococci and vancomycin-

resistant Enterococci paralleled the increased prescription of 
glycopeptides, broad-spectrum beta-lactams, carbapenems, 
and fluoroquinolones16.

Among these microorganisms which share a predominant no-
socomial isolation, the appearance of methicillin resistance 
is usually linked to an almost complete lack of in vitro sus-
ceptibility to all beta-lactam antibiotics, but usually it extends 
to macrolides, lincosamides, and a large part of aminogly-
cosides and fluoroquinolones, also, therefore leading to a 
very striking reduction of remaining therapeutic options1-8,17. 
Notwithstanding that the frequently concurrent pathophysi-
ological conditions can also act unfavorably, by limiting both 
microbiological and clinical efficacy of an antimicrobial treat-
ment in vivo (Table 2), however the selection and spread 
of pharmacoresistant bacterial strains represents the main 
feature responsible for their severely reduced activity in cur-
rent clinical practice.

• Pathogenic microorganisms
- emerging and re-emerging of different microbial organisms during 

time and in different settings
- development and transmission of resistance determinants due to the 

selective “pressure” exerted by the extensive use of broad-spectrum 
antimicrobial compounds in the general population and in the hospi-
talized patients, as well as in the environment

• Host features
- increased mean age of patients, due to increased life expectancy
- underlying  immunodeficiency status and relevant co-morbidities
- (multiple) concurrent disorders, and end-organ failure (i.e. kidney and 

liver failure)
- hospitalization, institutionalization
- invasive diagnostic and therapeutic procedures, intravascular lines
- major surgery, prosthetic implants and devices

• Environmental features 
- need of a permanent and repeated local microbiological monitoring, 

compared with national and international surveillance data
- study of patient’s colonization features (from a qualitative and a quan-

titative point of view), as predisposing conditions to invasive infec-
tion

- consideration of environmental reservoirs
- spread into the community of nosocomial pathogens (early patient’s 

discharge from Hospital, increase rely on Day-Hospital and Day-Sur-
gery facilities, switch therapy of antimicrobials started at the hospital, 
and continued on outpatient basis)

- possibility of spread of resistant organisms from person to person in 
the community, too

• Antimicrobial agents
- still represent the most prescribed drugs, on the whole (both inpa-

tients and outpatients)
- progressive enlargement of the available pharmacological spectrum 

(over 110 molecules in the year 2006!)
- frequently inappropriate prescriptions (i.e. suspected viral infections, 

over-prescription in respiratory tract disorders, selection of broad-
spectrum molecules in the frequent event of empiric prescription of 
antimicrobials)

- exaggerated use of broad spectrum molecules (distorted perception 
of the underlying concept, increase of resistances, false feeling of 
confidence, increased costs)

- modest diffusion and awareness of pharmacokinetic and farmacody-
namic basis of single drugs and drug classes, and poor knowledge of 
drug-drug interactions

Table 1. The classical factors which are known to act on the 
antimicrobial choice.
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The guidelines for empiric antimicrobial chemotherapy of the 
immunocompromised and/or neutropenic patient took into 
careful account of the etiological shift from Gram-negative 
towards Gram-positive organisms, which occurred during 
the last two decades, as reminded above. In fact, in the past 
decade the recommendations for empiric therapy of at-risk 
patients strongly pointed out the inclusion of drugs which are 
highly active against methicillin-resistant Gram-positive cocci, 
but concomitantly contributed to the appearance and further 
spread of mutant strains, which test either “intermediate” or 
even “resistant” to both available glycopeptides (vancomy-
cin and teicoplanin), which represented the “gold-standard” 
reference molecules for the management of multiresistant 
Gram-positive cocci, until a few years ago1-5,7,8,14,18. A relevant 
Italian survey referred to years 1997-199819, showed that 
Gram-positive microorganisms were responsible for slightly 
more than 50% of respiratory infection and septicemia identi-
fied in three different Italian intensive care units, with absolute 
predominance of S. aureus (29.2%), followed by coagulase-
negative Staphylococci (9.5%), Streptococcus pneumoniae 
(4.1%), and Enterococcus faecalis (2.9%). Methicillin-resist-
ance levels tested around 46% for S. aureus, but rose to 64% 
for coagulase-negative Staphylococci19. When evaluating 
the episodes of nosocomial sepsis, the international SCOPE 
study carried out in the year 199820 attributed the most elevat-
ed incidence to coagulase-negative Staphylococci, followed 
by S. aureus and Enterococcus spp., whose mortality rates 

proved 21%, 25%, and 32% of reported cases, respectively. 
Enterococcus spp. organisms showed an antibiotic suscepti-
bility profile remarkably different between E. faecalis and E. 
faecium: this last pathogen was increasingly identified during 
recent years, in association with methicillin resistance levels 
often greater than 50% of tested strains. Concurrently, the in-
cidence of methicillin resistance among coagulase-negative 
Staphylococci (with S. epidermidis as the leading organism) 
tested even greater in frequency (also over 60-80% in differ-
ent clinical settings). Finally, an open debate is still ongoing 
regarding the role and frequency of staphylococcal strains 
which test “intermediate” to vancomycin and glycopeptides in 
general (the so-called “glycopeptide-intermediate S. aureus”, 
or GISA), which were early identified in Japan since ten years 
ago (year 1996)21. The incidence of this last phenomenon is 
estimated to be still contained, although it is more commonly 
recognized in countries where the frequent resort to glycopep-
tide administration supported a non-specific selective pressure. 
The spread of glycopeptide resistance may occur through dif-
ferent bacterial species especially in the gastrointestinal tract, 
which may act as a reservoir of genes conferring resistance 
to glycopeptides and concurrently to many other antimicrobial 
compounds2,3,8,22.

Quinupristin/dalfopristin: the streptogramin association 
The streptogramin association quinupristin/dalfopristin is an 
antibiotic combination composed by two different molecules 
(in a 30%-70% proportion), which express a relevant syner-
gistic activity against susceptible microbial pathogens, based 
on a double blockade of the polypeptide chain extension. 
Quinupristin/dalfopristin proves effective against a broad 
spectrum of Gram-positive organism, even when they be-
come resistant to methicillin and also glycopeptides. Strep-
tococci, pneumococci, and especially coagulase-positive 
and coagulase-negative Staphylococci, Clostridium spp. and 
Peptostreptococcus spp., and Enterococci, with the partial 
exception of multiresistant strains of E. faecalis (whose sus-
ceptibility index is however around 30% of tested strains)19, 
represent the target microorganisms of this novel compound. 
The in vitro sensitivity spectrum of quinupristin/dalfopristin 
is also extended towards multiple relevant Gram-negative 
pathogens, including Legionella pneumophila, Moraxella ca-
tarrhalis, and Mycoplasma pneumoniae7,17,23. The breakpoint 
values of quinupristin/dalfopristin recommended for in vitro 
microdilution techniques searching for minimum inhibitory 
concentrations (MIC) determination are <1 µg/mL for sensi-
tive microorganisms, 2 µg/mL for moderately susceptible (or 
“intermediate”) organisms, and >4 µg/mL per isolates defined 
as resistant17. Moreover, the development of acquired resist-
ance against this streptogramin association is expected to 
represent a very rare event, as characterized by a frequency 
of mutations occurring in staphylococcal and enterococcal 
strains ranging from 10-9 and 10-11 17, while a confirmed in vivo 
resistance accounts for around 2% of clinical episodes24, and 
may rise to 8-20% is particular settings, where the incidence 
of vancomycin-resistant Enterococci is of elevated concern16, 
or among some coagulase-negative multiresistant Staphylo-
cocci25. However, this last microbiological resistance profile 
may be responsible for confirmed clinical failure7. Because of 
its prolonged post-antibiotic effect (ranging from 2-6 hours for 
methicillin-resistant S. aureus, to over 18 hours for Streptoco-
coccus pyogenes)7,17, the quinupristin/dalfopristin association 

- Local epidemiology, hospital epidemiology

- Etiological diagnosis and in vitro antimicrobial susceptibility assays

- Patient’s conditions and eventual underlying disorders and support-
ing conditions

- Patient’s immune competence

- Predisposing conditions

- Appropriate prescription

- Spectrum of activity of prescribed antimicrobial agents, and their 
eventual association (to exploit additive or synergistic activity)

- Drug bioavailability, including drug disposition and diffusion, protein 
link, volume of distribution, tissue and intracellular penetration, phar-
macokinetic and pharmacodynamic properties

- Serum and tissue half-life of selected compounds

- Expected or assessed antimicrobial resistance pattern

- Drug metabolism, post-antibiotic effects, elimination routes

- Peak levels, minimal inhibitory concentrations (MIC), minimal bacteri-
cidal concentrations (MBC), area under the curve (AUC), and related 
parameters

- Drug interactions (increased or reduced activity and toxicity), drug 
metabolism (active or inactive metabolites)

- Comprehensive duration of antimicrobial chemotherapy

- Comprehensive tolerability, and toxicity issues in otherwise healthy, 
or compromised subjects

- Patient’s compliance (also related to eventual concomitant pharma-
cological treatments)

- Crude and comprehensive costs of administration and delivery

- Comprehensive pharmacoeconomic issues

Table 2. Factors which variously contribute to the selection of 
empirical or selective antimicrobial chemotherapy, when resistant 
Gram-positive cocci may be of concern.
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has a potent in vitro synergistic activity (often confirmed by in 
vivo experiences) with an elevated number of other antimi-
crobial drugs, including glycopeptides theirselves, but also ri-
fampicin and derivatives, ciprofloxacin and derivatives, ampi-
cillin, and some cephalosporins, directed especially against 
meticillin-resistant Staphylococci. When considering E. fae-
calis strains testing resistant to vancomycin and teicoplanin, 
again glycopeptides, tetracyclines, and penicillins protected 
by beta-lactamase inhibitors, are expected to show a syner-
gistic activity with quinupristin/dalfopristin7,17,23. 

Since the antimicrobial activity of quinupristin/dalfopristin is 
based on the synergistic action of both molecules, the phar-
macokinetic and pharmacodynamic features of this fixed as-
sociation are of striking importance: the rate of serum con-
centration of the two molecules is included in the range of an-
timicrobial activity of the quinupristin/dalfopristin association 
against the different susceptible microorganisms17,23. The in 
vivo half-life of biologically active compounds is 2-3 hours for 
quinupristin, and around one hour for dalfopristin. Therefore, 
the area under the curve (AUC)/minimal inhibitory concentra-
tion (MIC) ratio remains above the MIC of the target patho-
gens (i.e. 1 µg/mL), while the plasmatic coverage is enforced 
by the prolonged post-antibiotic effect. The initial, current 
dosage (7.5 mg per Kg of body weight, every 8 hours or 12 
hours), needs i.v. administration through extensive dilution in 
glucose solution, and preferably by a central venous catheter 
and an infusion duration of at least 60 minutes, in order to 
prevent local toxicity, which can occur when peripheral veins 
are used for long-term administration. 

Given its in vitro spectrum of antimicrobial activity, the clini-
cal indications for quinupristin/dalfopristin administration 
presently include all “difficult” Gram-positive lower airways 
infections, infections of skin and soft tissues, and especially 
vancomycin-resistant E. faecium disease (regardless of the 
interested body site), due to the difficulty to have an effective 
treatment of these severe pathologies determined by the in-
creasing occurrence of multiresistant strains7,19,22. 

On the ground of the available clinical evidences reported 
by the international literature, severe infections of critically 
ill patient which deserve a quinupristin/dalfopristin treatment 
include those due to Gram-positive cocci testing in vitro re-
sistant to glycopeptides, but also situations burdened by an 
elevated risk for multiresistant gram-positive agents, which 
failed to respond (clinically or microbiologically) to at least 
three days of a teicoplanin- or vancomycin-based antimi-
crobial chemotherapy. A combination treatment (including 
glycopeptides themselves, or rifampicin, aminoglycosides, 
cotrimoxazole), can be attempted on empiric basis or after in 
vitro susceptibility assays, in order to exploit the above-men-
tioned synergistic effects with quinupristin/dalfopristin7,17,20,23. 
The therapeutic choice may prefer quinupristin/dalfopristin 
also when risk factors which make other combination poorly 
tolerated or difficult to be delivered, because of expected tox-
icity, intolerance, or underlying systemic disorders (such as 
diabetes mellitus, kidney failure, or myelotoxicity). 

While quinupristin/dalfopristin dosage does not need adjust-
ment until renal insufficiency becomes severe, a reduced 
daily dosage and strict monitoring of hepatic function are rec-
ommended when liver failure is of concern. Should an exten-

sive end-organ liver disease is present, the administration of 
quinupristin/dalfopristin becomes contraindicated.

From a clinical-therapeutic point of view, during the pre-
registration period the drug has been administered for the 
treatment of a high number of clinical episodes of severe 
diseases determined by multiresistant Gram-positive patho-
gens, often involving severely immunocompromised patients. 
Among disease localizations described in the earlier litera-
ture reports, we underline a wide spectrum of difficult-to-treat 
and life-threatening endocarditis, such as enterococcal en-
docarditis on a prosthetic valve26, multiresistant S. epider-
midis endocarditis27, those due to multiresistant S. aureus 
occurring artificial valve and no chance of surgery, as well 
as E. faecium heart localization, where a combination with 
doxicyclin, rifampicin, and high-dose ampicillin was favorably 
used, and a demonstration of synergistic activity given28,29. E. 
faecium is infrequently responsible for bone and joint infec-
tion, although a  progressive increase of frequency has been 
noticed among patients undergoing replacement of infected 
prosthetic devices, where the role of coagulase-positive and 
coagulase-negative Staphylococci, and that of Enterococci, 
are mounting. Also in these events, an interesting case re-
port demonstrated the efficacy of quinupristin/dalfopristin in 
an inveterate vertebral osteomyelitis caused by vancomycin-
resistant bacterial pathogens30. Given the low cerebrospinal 
fluid concentration obtained after quinupristin/dalfopristin 
administration31, episodes of severe central nervous system 
infection caused by E. faecium (ventriculitis, ventricular drain-
age infection, meningitis, brain abscess), have been treated 
favorably after local drug administration (i.e. via intratecal or 
intraventricular route)31-33, with a mean dosage of 2 mg, and 
in absence of significant untoward events; in one case of 
meningitis quinupristin/dalfopristin was concurrently admin-
istered i.v. at full dosage33. Also in pediatric age, preliminary 
observations conducted on 11 overall children34,35, underlined 
the microbiological and clinical efficacy and the safe profile of 
quinupristin/dalfopristin in the management of vancomycin-
resistant intrabdominal E. faecium infection and septicemia, 
in patients who underwent bone marrow transplantation dur-
ing treatment of hematological malignancies34, and in other 
young patients with an underlying severe immunosuppres-
sion35; the association with teicoplanin showed a synergistic 
effect also in these last episodes34. 

Relevant multicentre randomized trials, and an extensive 
spectrum of clinical experiences and case series treated 
with quinupristin/dalfopristin, confirmed the elevated efficacy 
of this novel streptogramin combination in the treatment of 
pneumonia and severe skin and soft tissue infection, as well 
as infected surgical wound infection frequently observed in 
hospital settings7,17,23,36-38. Among randomized clinical trials, 
particular attention should be addressed to the comparison 
of quinupristin/dalfopristin with vancomycin in the manage-
ment of gram-positive nosocomial pneumonia in critical care 
units36, the comparison with cefazolin, oxacillin, and vanco-
mycin in the therapy of skin-soft tissue infection37, and the 
study especially devoted to E. faecium infections38. The very 
favorable results obtained in these experiences hypothesized 
the use of quinupristin/dalfopristin in experimental protocols 
of eradication of methicillin-resistant staphylococcal coloni-
zation, and as an empiric choice for neoplastic patients with 

95



A
rc

hi
vo

s 
V

en
ez

ol
an

os
 d

e 
Fa

rm
ac

ol
og

ía
 y

 T
er

ap
éu

tic
a

V
ol

um
en

 2
7,

 n
úm

er
o 

2,
 2

00
8

febrile neutropenia. An underlying kidney failure followed by 
organ transplantation did not impair the effectiveness of this 
streptogramin combination in multivisceral and disseminated 
infections caused by multiresistant S. epidermidis strains, 
sometimes in combination with chloramphenicol, and after 
failure of multiple therapeutic attempts carried out with glyco-
peptides39. A more recent experience of the same research 
group, involving six patients who underwent hemodialysis 
(one submitted to renal transplantation, and four complicated 
be hepatic failure), confirmed the clinical efficacy and safety 
of quinupristin/dalfopristin even in patients with severe end-
organ involvement, without need of drug dosage adjustment, 
and also determining the drug pharmacokinetic profile in 
these extreme conditions40. However, especially when trans-
planted patients undergoing an immunosuppressive therapy 
are of concern, the need to proceed to a repeated monitoring 
of cyclosporin serum levels and dosage during quinupristin/
dalfopristin administration is confirmed, as already indicated 
in the early clinical experiences conducted with this strepto-
gramine association41. 

As we can deduct from the results of the above-mentioned 
controlled studies, and the numerous, intriguing case reports 
and case series, quinupristin/dalfopristin appears to be an ef-
fective and well tolerated agent in the management of sep-
ticemia, heart-thoracic, intrabdominal, bone and joint, and 
skin and soft tissue infections caused by methicillin-resistant 
Staphylococci, also in combination with a glycopeptide, not-
withstanding that the previous administration of the sole glyco-
peptide agent resulted not effective42-45. The spectrum of ac-
tivity of this dual streptogramin combination, since it remains 
restricted to gram-positive cocci, recommends the association 
with other antimicrobial agents with enlarged spectrum of ac-
tion, when a polymicrobial infection is suspected, or a mixed 
flora containing Gram-positive and Gram-negative organisms 
is of concern7,17,23,29,44,46. Finally, the hospital and environmen-
tal spread of pathogenic multiresistant Gram-positive cocci as 
a result of the selective pressure determined by the increased 
and prolonged administration of other broad- and narrow-
spectrum antimicrobial agents, is probably responsible for 
the emerging of some streptococcal strains (i.e. Streptococ-
cus mitis and Streptococcus pneumoniae in a broad surveil-
lance study)47, as well as some E. faecium isolates48, which 
became intrinsically resistant to streptogramins, regardless of 
the prior use of antibiotics belonging to the same of similar 
classes47. In these last reports, the concomitant resistance to 
all available glycopeptides indicated the novel oxazolidinone 
linezolid as the only potentially effective alternative therapeu-
tic choice23,42,43,46,48.

The adverse events registered upon administration of quinu-
pristin/dalfopristin include predominantly gastrointestinal tract 
disturbances (nausea, vomiting, and diarrhea), followed by 
hyperbilirubinemia, cutaneous rash, and diffuse arthromyal-
gia7,17,43. These last signs and symptoms seem to be more 
frequent among hepatopathic and  organ transplanted pa-
tients, and those treated with cyclosporin, although the 
mechanism of action of these adverse events still remains 
under investigation49. The administration of quinupristin/dal-
fopristin in hospital setting, and through central i.v. lines and 
appropriate fluid dilution, significantly reduces the risk of lo-
cal thrombophlebitis. Notwithstanding the practical difficulties 

related to drug administration, in an United States pilot study 
a quinupristin/dalfopristin treatment has been administered to 
37 patients suffering from osteomyelitis, bacteremia, abscess 
and cellulitis due to E. faecium, S. aureus, and coagulase-
negative Staphylococci, all in outpatient setting, as a pros-
ecution or completion of treatment schedules initiated at the 
hospital, relying on peripherally-inserted central catheters, or 
tunnellized catheters: 16 subjects out of 37 (43.2%) showed 
mild-to-moderate local intolerance, during or after i.v. drug 
infusion50. From a metabolic point of view, both quinupristin 
and dalfopristin are modified by the liver activity into different 
main derivatives, which contribute to its antimicrobial action, 
thanks to their intrinsic activities, and the maintained syner-
gistic acitvity between themselves and the administered mol-
ecules7,17,23. Since the metabolism is principally carried out by 
the hepatic cytochrome system P450, pharmacological inter-
actions with all drugs which interact with the same detoxifica-
tion system are expected: in particular, quinidine, lidocaine, 
nifedipine, terfenadine, astemizole, cisapride, disopiramide, 
and midazolam, as well as drugs which might prompt a QT 
interval prolongation (antiarrhitmics, neuroleptics, antide-
pressive drugs, antimalaric compounds, fluoroquinolones, 
azole antifungals, and macrolides). A careful monitoring of 
serum levels (when possible) or clinical effect of these last 
drugs, and special clinical attention delivered to possible ad-
verse events, and eventual need of dosage adjustment, are 
therefore warranted for patients who require a continued ad-
ministration of the above-mentioned drugs, concurrently with 
that of quinupristin/dalfopristin7,17. In the event of critically ill or 
transplanted patients, preliminary demonstrations of possible 
interactions of quinupristin/dalfopristin and cyclosporin have 
been reported, so that serum cyclosporin levels and drug 
dosage adjustments deserve careful attention17,40.

Linezolid: the oxazolidinone derivative
Linezolid represent the first representative of a novel class of 
oxazolidinone derivatives, which encompasses an effective 
activity spectrum which covers all the most important Gram-
positive organisms, including those resistant to methicillin 
and glycopeptides. The oxazolidinones have a unique mode 
of action, which inhibits the start of bacterial protidosynthesis 
by preventing the formation of the ternary complex at 70S 
ribosomal subunit3, by an apparent double blockade of both 
the 50S and the 30S bacterial ribosomal subunits. The par-
ticular mechanisms of action of linezolid, which includes a 
blockade of ribosomal assemblation which occurs before the 
initiation of bacterial protein synthesis3, makes very improb-
able the emerging of cross resistance with other molecules. 
However, this phenomenon has been anecdotally reported 
until now, especially after long-term and low-dosage courses, 
and appears to be extremely rare among Staphylococci51, al-
though linezolid-resistant Enterococci have been occasion-
ally reported in intensive care units52.

From a pharmacokinetic point of view, linezolid is protein-bound 
for around 30%, and favorably penetrates into a broad variety 
of tissues, such as fat, bone, muscle, cerebrospinal fluid and 
wound sites, beyond the known, elevated penetration into the 
lungs and the entire respiratory tract3,46. The drug metabolism is 
not affected by the cytochrome P450 pathway, so that drug-drug 
interactions at this setting are not expected. On the other hand, 
urine concentrations is low (around 30% of plasma levels).
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I.v. formulation requires slow (30-120 minutes) infusion. Be-
ing formulated for both the i.v. and the oral route, linezolid re-
tains a 100% bioavailability even after oral administration3,46,53, 
and regardless of meals, therefore making it easier to exploit 
the oral administration for switching therapies and early dis-
charge from the hospital of patients who can be effectively 
followed on outpatient or Day-Hospital basis, and also to start 
therapy with oral route, whenever possible. These aspects 
have multiple favorable consequences, when comprehensive 
morbidity and mortality rates, overall length of hospitalization, 
and increased medical expenses are considered, even when 
compared with the proportionally elevated crude costs of lin-
ezolid therapy53. A European study54 considered 227 patients 
with serious Gram-positive infections, treated with linezolid 
compared with teicoplanin, and assessed hospital resource 
use and overall treatment costs. The enrolled patients were 
randomized according to a 50%-50% ratio to receive either 
linezolid for 7 to 28 consecutive days (initially by i.v. route, 
but with the possibility to shift to the oral administration as 
soon as possible), or teicoplanin (initially by i.v. administra-
tion, potentially followed by i.m. route)54. The mean i.v. treat-
ment duration was 3.2-day shorter in the linezolid group (6.3 
versus 9.5 days), tending to lead to a reduction of overall hos-
pitalization costs, when comparing the novel oxazolidinone 
linezolid even against the most expensive glycopeptide te-
icoplanin53,54. 

After expanded-access programs which included seriously 
ill patients suffering from multidrug-resistant, Gram-positive 
infections in situations also including bacteremia (46% of 796 
cases), endocarditis, and line-related infection55 at its first ap-
proval in the United States, linezolid was initially registered 
for the treatment of both community-acquired and nosoco-
mial pneumonia, uncomplicated and complicated skin and 
soft tissue infections (including diabetic foot infections and 
surgical site infection), and infectious caused by methicillin- 
and vancomycin-resistant Staphylococci and Enterococci, 
and penicillin- and macrolide-resistant Streptococci and Pne-
mococci, including episodes complicated by bacteremia53. 
Since ribosomal mutations have been detected that produce 
resistance against linezolid, longitudinal surveillance surveys 
remain needed to strictly monitor this phenomenon. The 2003 
annual appraisal of potency and spectrum (ZAAPS) program 
compared MIC results of linezolid with 13-15 comparator 
agents in over 8,000 isolates56, and confirmed a maintained 
99.93% linezolid susceptibility rate of tested Gram-positive 
organisms. The recently published continuation of this study 
until 200457 confirmed this figure on 20,158 overall tested iso-
lates, pointing out that 99.5% of isolated S. aureus organisms 
had a MIC90 value of linezolid ranging from 0.5 to 2 mg/L, with 
only one isolate tested at 4 mg/L57.

In particular, when considering complicated skin and soft 
tissue infections, a randomized, open study has been con-
ducted on 1,200 hospitalized patients with ascertained or 
suspected methicillin-resistant staphylococcal isolates58. The 
most common disorders were represented by severe cellulitis 
(46%), cutaneous abscess (26%), and surgical wound infec-
tion (11%). In the intention-to-treat comparison between lin-
ezolid (given at 600 mg i.v. twice daily) and vancomycin (at 
1 g i.v. twice daily), the cure rate was 92.2% versus 88.5% 
respectively (p=0.057), while involved pathogens included 

methicillin-resistant Staphylococci in 42% of cases, followed 
by methicillin-sensitive Staphylococci (29%), and coagulase-
negative Staphylococci (8%)58. When considering methicillin-
resistant staphylococcal infections only, a greater percentage 
of success rate was obtained with linezolid over vancomycin 
(88.6% versus 66.9% respectively; p<.001), paralleling the 
better bacteriological success rate of linezolid over vanco-
mycin (p<.001)58. In a subset of the above-mentioned study 
including surgical site infections presumably due to methicil-
lin-resistant Staphylococci58, although the clinical cure rate 
proved similar, linezolid obtained a greater bacteriological 
eradication rate (p<.008), and a higher rate of microbiological 
cure (p<.003)58. In an open study of complicated staphylo-
coccal skin and soft tissue infections, oral linezolid and i.v. 
vancomycin were compared at the same dosage regimens 
for 7-21 days, and a higher clinical response was obtained 
with linezolid (p<.02), associated with a lower rate of failure 
requiring also surgical amputation (p<.02)59.

Pneumonia was assessed in two large, multicentre, rand-
omized, double-blind trials conducted on 1,019 patient on 
the whole, affected by a nosocomial pneumonia presumably 
due to Gram-positive organisms. In these studies, an empiri-
cal linezolid treatment tested comparable to a vancomycin 
one, from an efficacy and safety point of view60,61. In a sub-
group which included 123 patients with a confirmed hospi-
tal-acquired methicillin-resistant staphylococcal pneumonia, 
a greater survival rate (84% versus 62%; p=.02), and clinical 
cure (62% versus 21%; p<.001) were achieved with linezolid, 
compared with vancomycin. In another study62 which com-
pared the efficacy of linezolid and teicoplanin in 430 patients 
with ascertained or presumed Gram-positive infections, lin-
ezolid proved as effective as teicoplanin in patients suffering 
from pneumonia (96% versus 93%), but infections complicat-
ed by bacteremia had a greater response rate when linezolid 
was administered (88.5% versus 56.7%; p<.001)62. The in-
creasing recognition of the clinical potential of linezolid led to 
the inclusion of this novel agent in the treatment guidelines 
of the American Thoracic Society and those of the Infectious 
Disease Society of America, as empirical, initial choice for 
patients with a suspected nosocomial pneumonia caused by 
methicillin-resistant Staphylococci, or where the global preva-
lence of these organisms is elevated53,63. 

Smaller patient series and anecdotal case reports of linezolid 
use in other relevant infectious processes are increasing day 
by day. The excellent tissue penetration makes this oxazo-
lidinone drug extremely promising for the approach to diffi-
cult-to-treat endocarditis with or without bacteremia64, central 
nervous system infections65,66, and bone and joint infections67, 
caused by resistant Gram-positive cocci. Moreover, pediatric 
experiences are increasing10,46.

A combination therapy of linezolid with other antimicrobial 
compounds is indicated when the co-existence of Gram-
negative pathogens is ascertained or suspected. Moreover, 
a very interesting activity of linezolid has been demonstrated 
both in vitro and in vivo against susceptible and especially 
multi-drug resistant Mycobacterium tuberculosis68-70, and a 
synergistic activity may be exploited with a broad spectrum of 
fluoroquinolones71, although the clinical significance of those 
associations needs to be clinically confirmed.
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Interestingly, a recent study also pointed out a significant re-
duction of acute-phase proinflammatory cytokines from hu-
man peripheral mononuclear cells72 when linezolid was ad-
ministered, thus confirming an immunomodulating response 
to linezolid use.

From a tolerability point of view, within the maximum allowed 
treatment duration of 28 days, linezolid showed a favorable 
safety profile, as showed in a very extensive methanalisis 
of 2.046 adult patients enrolled in seven different compara-
tive, controlled studies53,73. The 85% of reported adverse 
events was mild-to-moderate in intensity: the most com-
mon clinical events were diarrhea (4.0% to 5.3%), nausea 
(3.3% to 3.5%), and headache (1.9% to 2.7%), while the 
most common laboratory disturbances included anemia and 
thrombocytopenia73. During the post-marketing surveillance, 
sparse cases of peripheral neuritis (also including optical 
neuritis), and lactic acidosis were anecdotally reported, es-
pecially when linezolid treatment was extended beyond four 
weeks74,75. Also myelotoxic effects (whose pathogenesis still 
remains unknown) were associated with prolonged treatment 
durations, although some reports showed a somewhat earlier 
appearance. However, the risk of clinically significant throm-
bocytopenia as assessed on 686 patients with nosocomial 
pneumonia treated with linezolid for at least five days was 
limited to 6.4% (compared with 7.7% observed in the com-
parative vancomycin group)76. When chronic or acute kidney 
insufficiency or hemodyalisis or hemofiltration are of concern, 
no correction of linezolid dosage are needed77, as opposed to 
the limitations occurring when vancomycin or teicoplanin are 
administered46,78. Therefore, the selection of linezolid appears 
indicated when a co-existing renal insufficiency may hamper 
the use of glycopeptides and other drugs with an increased 
renal toxicity. Finally, the well know activity exerted by line-
zolid on the inhibition of monoamine oxidase may prompt po-
tential adverse drug-drug interactions with a broad range of 
antidepressant medications, which has to be taken in careful 
account when facing patients who receive complex, multiple 
pharmacological treatments79,80.

Although the efficacy and safety of linezolid have been well 
demonstrated in severe, high-risk infections where multire-
sistant Gram-positive cocci are involved, and multiple phar-
macoeconomic appraisals show that the availability of a 
bioequivalent oral formulation and a rapid shift to an oral route 
of administration may effectively conterbalance the more el-
evated crude costs compared with older glycopeptides like 
vancomycin, however further controlled clinical trials are 
strongly needed to expand the indications of this promising 
antibiotic, and to check carefully its tolerability in more exten-
sive patient populations and baseline conditions (i.e. extreme 
life ages, comorbidity including diabetes mellitus, drug-drug 
interactions, and so on)53. A ponderate prescription limited to 
selected cases of serious, resistant Gram-positive infections, 
associated with improved standards of control and monitoring 
of nosocomial infections, are expected to add significantly to 
the long-term planning of effective guidelines of prescription, 
and large-scale resource allocation, in the optimization proc-
ess of the management of multiresistant Gram-positive infec-
tion in critical settings.

The lipopeptide daptomycin
The novel lipopeptide antibiotic daptomycin is a cyclic amino 
acid compound of particular interest, also due to its unique 

mechanism of action, encompassing a rapid concentra-
tion-dependent killing and an effective bactericidal activity, 
mainly exerted by its lipophilic tail, which inserts itself into 
the cytoplasmic membrane of Gram-positive pathogens, and 
dysrupts it through rapid a depolarization process81-84, which 
is responsible of a bactericidal activity faster than compara-
tors belonging to glycopeptides, oxazolidinones, and strep-
togramins, and is also corroborated by an appreciable post-
antibiotic effect81.

Since the spectrum of activity of daptomycin is extended to in-
clude key Gram-positive pathogens (regardless of their resist-
ance status to other compounds, and including all glycopep-
tide-resistant staphylococci and enterococci, and multiresist-
ant pneumococci and streptococci)81-86, this novel compound 
adds significantly to the still reduced spectrum of antimicrobial 
weapons for the treatment of serious Gram-positive infections, 
and it is also effective against several anaerobes (Clostridium 
and Propionibacterium spp.), while no activity is expressed 
against Gram-negative pathogens81. The in vitro potency 
against multiresistant Gram-positive cocci is comparable to 
that of linezolid and dalfopristin/quinupristin, at the proposed 
breakpoint of <2 mg/L, but with a more rapid bactericidal ac-
tivity85,87. Some synergistic activity has been shown against 
vancomycin-resistant Enterococci with the use of rifampicin, 
and at a lesser extent with ampicillin and tobramycin84,85,88. Al-
though the possibility to generate in vitro resistant bacterial 
strains is apparently negligible, also due to the lack of trans-
ferable elements85, however anecdotal reports emerged since 
early experiences, after prolonged exposure of Staphylococci 
to the relevant drug89.

At the dosage of 4 mg/Kg i.v. once daily, daptomycin has 
been shown to be efficacious in two blinded trials of com-
plicated skin and soft tissue infections conducted on even 
1,092 patients, which led to a clinical success rate similar for 
daptomycin and comparators (either vancomycin or penicil-
linase-resistant penicillins), but with a rapid bactericidal activ-
ity82-84,86,87,90,91. Among patients successfully treated with i.v. 
daptomycin, 63% required only 4-7 days of therapy, as op-
posed to 33% of comparator-treated patients (p<.0001)90.

Until now, daptomycin is therefore approved for the manage-
ment of complicated skin-skin structure infections, including 
infected surgical wounds, and complications of burns and 
diabetic foot81,84,86,87,90. The potential for shorter course regi-
mens should demonstrate faster resolution rates, and may 
decrease the risk of resistance development, toxicity, and 
treatment-related direct and indirect costs. Unfortunately the 
modest daptomycin penetration into the lung tissue and the 
local drug competition with surfactant (which is implicated 
in sequestering this particular lipopeptide drug), poses this 
novel compound at an elevated risk of clinical failure in the 
treatment of respiratory infections81,86, so that no indication is 
expected to date in this last setting.

On the other hand, a daptomycin dose of 6 mg/Kg is under 
investigation for the management of endocardits and bacter-
emia81,84,87,92. In a recently published case series of 31 pa-
tients with bacteremia and endocarditis, i.v. daptomycin at 
4-6 mg/day tested safe and effective, even when considering 
the elevated prevalence of vancomycin-resistant enterococci 
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and methicillin-resistant Staphylococcus aureus (11 cases 
each), and taking into account of the proportionally prolonged 
duration of treatment (at least 14 days for bacteremia, 22-43 
days for endocarditis)92.

Finally, a very recent experimental, animal model showed 
the superior efficacy of daptomycin over vancomycin in 
treating methicillin-susceptible staphylococcal meningitis93: 
the effect was attributed to the higher time-kiling assays and 
the better penetration of daptomycin into inflamed meninges 
(around 5%)93.

From a pharmacokinetic and pharmacodynamic point of 
view, both the peak concentration/MIC ratio and the 24-hour 
AUC/MIC ratio have a strong correlation with the in vivo ef-
ficacy of daptomycin. The protein binding of the drug is very 
elevated (90-94%), but a linear pharmacokinetic has been 
demonstrated. Once-daily administration optimizes the 
pharmacodynamics of daptomycin, also minimizing the ini-
tially observed musculoskeletal side effects. At the dose of 4 
mg/kg, in adult subjects the reached Cmax is around 58 mg/L, 
and the half life lasts 8.1±1.0 hours. Daptomycin has no ap-
preciable hepatic metabolism and does not act on the cyto-
chrome P450 enzymatic cascade, so that relevant drug-drug 
interactions are not expected. Only temporary suspension of 
HMG-CoA reductase inhibitors is recommended during even-
tual daptomycin co-administration, in order to reduce the risk 
of increased serum creatin-phosphokinase (CPK), and the 
eventual skeletal muscle toxicity. Unchanged (active) drug 
may be recovered from urines over 24 hours at a rate ranging 
from 53% to 60%81, so that a dosage adjustement is required 
when kidney insufficiency is of concern, mainly by increas-
ing the interval of administration. Safety and efficacy did not 
change significantly when moderate hepatic insufficiency or 
obesity were of concern81,84. In an extensive clinical trial that 
included patients treated for complicated skin-skin structure 
infections90, adverse events occurred in slightly more than 2% 
of subjects who received daptomycin or comparators: consti-
pation, nausea, injection site reaction, and headache were 
the most frequently reported events, without any difference 
found with comparator drugs90. Hypersensitivity reactions and 
myopathy occurred very infrequently, but once-weekly serum 
CPK levels monitoring remains recommended84.

The glycylcline tigecyclin
The glycylcyclines (with tigecyclin as the first licensed com-
pound of this class) are the representatives of a new class 
of antimicrobial compounds which may be considered as a 
long-term awaited evolution of the tetracycline class. Their 
expanded broad-spectrum activity against both Gram-nega-
tive and Gram-positive aerobes, anaerobes, and facultative 
organisms, as well as “atypical” bacteria, is of particular in-
terest. Many pathogenic and clinically relevant organisms 
are susceptible to tigecyclin, including multiresistant Sta-
phylococci, Streptococci, Pneumococci, and Enterococci. Its 
very extensive bacteriological spectrum also includes many 
beta-lactamase producing organisms, often retrieved when a 
Gram-positive and Gram-negative mixed flora is of concern 
(i.e. Enterobacteriaceae as a whole)94-97. 

The large volume of distribution of tigecyclin leads to an ex-
tensive tissue penetration. In association with a very long 

terminal half-life (around 40 hours), these features allow 
twice-daily administration. The efficacy of tigecyclin seems 
to be best predicted by the ratio of the area under the con-
centration-time curve to the MIC, due to its linear pharma-
cokinetic profile94,97,98. 

Tigecyclin may be administered by i.v. route (at 50 mg, twice 
daily, preceded by a loading dose of 100 mg, the first day), 
and until now it has been studied in the management of seri-
ous polymicrobial infections, i.e. complicated skin and skin 
structure infections, surgical wounds, and intrabdominal 
infections, where it resulted effective and well tolerated in 
phase III clinical studies, carried our in adults, and non-preg-
nant women94,96-98. Equivalence to imipenem in intrabdominal 
infections, and to vancomycin plus aztreonam in skin and soft 
tissue infections have been preliminarly achieved95,96. 

The drug disposition is not affected by age, renal disease, 
or food, and the limited metabolism encompasses a reduced 
kidney and liver engagement94,97,98. Besides a low rate of 
gastrointestinal complaints (nausea, vomiting, and diarrhea), 
only mild and self-limiting adverse effects on blood chemistry 
or haematology have been observed98. 

In conclusion, this novel drug is likely to find a key role 
also as a monotherapy in the treatment of mixed infections 
due to multiresistant pathogens, including beta-lactamase 
produ-cers and methicillin- and vancomycin-Gram-positive 
organisms95-97.

Novel glycopeptide antibiotics
This drug class still contains the reference standard an-
timicrobial choices for methicillin-resistant Gram-positive 
cocci, i.e. vancomycin and teicoplanin99. Among the novel 
compounds representing the evolution of this class, the new 
glycopeptides dalbavancin, oritavancin, telavancin99 and the 
glycolipodepsipeptide ramoplanin100, appear very promising 
for an upcoming commercial release in the next few months 
or years, although there are remaining concerns about the 
possible microbial resistance spread, based on existing 
antimicrobial compounds which belong to the same drug 
class99,101. Chemical modifications resulting in these second-
generation glycopeptide analogues have however revealed 
new mechanisms of antibacterial action, and additional prop-
erties including pharmacokinetic ones99. In particular, orita-
vancin is a semi-synthetic glycopeptide with a long half-life 
(around 150-200 hours), and elevated intracellular penetra-
tion, as  well as an effective diffusion into the brain. Its bacte-
riological activity includes vancomycin-resistant Enterococci, 
methicillin-resistant Staphylococci, vancomycin-intermediate 
and vancomycin-resistant S. aureus. Telavancin is another 
glycoptide compound with an half-life which allows once-dai-
ly administration. Its dual mechanisms of action (impairment 
of synthesis of peptidoglycan, and cell wall lipid structures) 
is a distinguishing property. Finally, ramoplanin is a glycoli-
popeptide, with an excellent activity against Gram-positive 
cocci and bacilli, including those which became resistant to 
currently glycopeptides. Its endothelial toxicity is a present 
limitation for i.v. delivery, so that ramoplanin is presently 
studies for the management of difficult-to-treat intestinal 
Clostridium difficile.

The first agent in the pipeline appears to be the semisynthet-
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ic lipoglycopeptide dalbavancin, developed for once-weekly 
i.v. treatment of serious Gram-positive infections, includ-
ing a wide range of glycopeptide-resistant organisms. The 
mechanism of action replicates that of other glycopeptides, 
but dalbavancin resulted more potent in vitro102. It has a very 
elevated in vitro activity against a variety of Gram-positive or-
ganisms, save vancomycin-resistant Enterococci possessing 
the VanA gene101,102. 

During Phase II-III clinical trials, dalbavancin proved effective 
and safe in the management of skin and skin-structure infec-
tions, and catheter-related bloodstream infections101. The only 
available double-blind randomized clinical trial compared i.v. 
dalbavancin (1 g at day 1, 500 mg at day 8), with linezolid 
(600 mg i.v. or orally twice daily for 14 days), in the treatment 
of complicated skin-skin structure infections caused by sus-
pected methicillin-resistant S. aureus strains. Dalbavancin 
and linezolid proved comparable from a clinical point of view 
(leading to a 88.9% and 91.2% success rate, respectively), 
and microbiological success was attained in both arms in over 
85% of cases, although the rate of methicillin resistance was 
retrospectively recognized around 51% of isolated strains. 

Thanks to its prolonged half-life (6-10 days) a once-weekly 
i.v. administration becomes possible. Pharmacokinetic analy-
ses conduced on 532 patients, the majority of them treated 
with 1000 mg-dose on day 1 and 500 mg-dose on day 8, 
showed a dual-compartment model, with a clearance influ-
enced by body surface area and creatinine clearance. No 
evidence of metabolic substrates, inhibitors, or inducers of 
the liver cytochrome P450 was found101,103, thus eliminating 
the risk of competing drugs at the same hepatic site. At a pre-
liminary assessment, adverse events were very mild and lim-
ited in frequency: pyrexia, headache, nausea, diarrhea and 
other gastrointestinal disturbances were the most commonly 
described adverse events101. 

Among adverse events, gastrointestinal complaints seem to 
represent the most frequent occurrence. In the quoted rand-
omized trial104, linezolid showed a slightly more elevated rate 
of overall adverse events compared with dalbavancin (32.2% 
versus 25.4% of enrolled subjects).

Novel cephalosporins, fluoroquinolones, and other 
agents under advanced development
Among the more promising agents under advanced develop-
ment against multiresistant Gram-positive cocci, we can quote 
novel cephalosporins (i.e. BAL-9141 and RWJ-54428), which 
are expected to overcome methicillin resistance82,105. 

Furthermore, among the topoisomerase inhibitors, several 
fluoroquinolones are awaited, including gemifloxacin (which 
recently entered commercialization), sitafloxacin, and espe-
cially garenoxacin82,105. 

Finally, when considering the class of inhibitors of bacterial 
protein synthesis, the ketolides telitromycin and cetromycin, 
and the novel oxazolidinones (further to linezolid), are very 
promising agents for the fight against severe and life-threaten-
ing resistant Gram-positive infections18,23,83,100,105. 

Conclusions and Outlook
The proportionally recent availability of quinupristin/dalfo-
pristin and that of linezolid determined significant changes 
in the scenario of the management of severe infections due 

to multiresistant Gram- positive pathogens, usually acquired 
at the hospital and by a somewhat immunocompromised 
host8,18,83,105,106-108.

A recent, extensive survey conducted on 258 Gram-positive 
bacterial organisms isolated from blood cultures at a United 
States cancer reference centre allowed to compare the in vit-
ro acitivity of daptomycin, linezolid, and quinupristin/dalfopris-
tin107. Vancomycin-resistant Enterococci represented the larg-
est proportion of tested organisms (32%), followed by methi-
cillin-resistant coagulase-negative Staphylococci (23%), and 
vancomycin-sensitive Enterococci (14%). Through a detailed 
analysis of both MIC and MBC values, daptomycin showed a 
bactericidal activity against the majority of tested organisms, 
by killing almost 100% of bacteria within six hours. Quinu-
pristin/dalfopristin was bactericidal against Staphylococci and 
bacteriostatic against the majority of Enterococci. Linezolid 
was bacteriostatic against all evaluated organisms, but a cor-
relation between the in vitro features and the clinical outcome 
demonstrated an elevated potential of all these novel com-
pounds107,108, which now deserve controlled  studies in the set-
ting of the management and prevention of serious infection in 
the immunocompromised host, including HIV/AIDS patients, 
subjects with hematologic malignancies or solid tumors, and 
those undergoing bone marrow or organ transplantation, or 
major surgery and hospitalization in intensive care units.

Highlights
-  In the meantime, the overall understanding of the epidemi-

ology and virulence of community-acquired multiresistant 
Gram-positive pathogens continued to grow, leading to ma-
jor attention devoted to developing compounds, but also a 
re-examination of many older, but still active agents (includ-
ing long-acting tetracyclynes, fluoroquinolones, rifampicin, 
cotrimoxazole, and clindamycin)14,106-108, which certainly re-
tain some non-negligible therapeutic role, especially when 
a synergistic activity can be demonstrated18. Moreover, 
through novel laboratory assays like the so-called E-test 
synergy and time-kill methods will perhaps become possi-
ble to measure to extent of synergistic activity between dif-
ferently combined molecules against glycopeptide-resist-
ance gram-positive cocci (i.e. daptomycin and rifampicin 
against multiresistant Enterococci)81,105-108.

-  As summarized above, during the next future the therapeu-
tic research promises the development of novel compounds 
aimed at intervening favorably against the unavoidable 
increase of drug resistance frequency and levels against 
the present reference compounds (i.e. the glycopeptides 
vancomycin and teicoplanin)99, and later the two above-
mentioned recent molecules, i.e. quinupristin/dalfopristin 
and linezolid2,7,8,18,83. On the other hand, the clinical use 
of the streptogramin combination quinupristin/dalfopristin, 
which retains optimal activity against methicillin-resistant 
S. aureus and vancomycin-resistant E. faecium, is limited 
because its need to be administered in large volume of flu-
ids82, while its activity in severe pneumonia is somewhat 
lower14. The oxazolidinone linezolid is active against me-
thicillin-resistant Staphylococci and glycopeptide-resistant 
Enterococci, but resistant organisms and sparse treatment 
failures have been reported82, while unexpected tolerability 
issues are becoming of concern74.
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- Furthermore, we have to remind that in many cases the 
most relevant therapeutic intervention for complicated 
Gram-positive abscesses, cellulitis, complicated skin and 
soft tissue diseases, but also osteomyelitis, infected bone 
and joint prostheses, and brain abscesses, remains an 
adequate surgical drainage and curettage of purulent fluid 
collections, and the elimination of affected, necrotic tis-
sue2,9,82. Subsequently, the antimicrobial selection should 
be driven by disease severity, susceptibility patterns, clini-
cal response to therapy, and also related costs (seen from 
a comprehensive point of view) (Table 3). Also special 
population such as the pediatric and neonatal ones9, are 
going to benefit from specifically-designed trials, which 

could address in the next future the major issues in the set-
ting of epidemiology, mechanisms of virulence, continued 
changes in pathogenicity and antimicrobial susceptibility 
of involved organisms, and potential use of novel antimi-
crobial compounds, like daptomycin, glicylcyclines, newer 
glycopeptides, beta-lactamase-stable cephalosporins, and 
ketolides10,18 (Table 4).

- Finally, only randomized, comparative assessments of the 
novel molecules on the market will assist us to plan well-
founded recommendations for the treatment of serious 
Gram-positive infections, and parallel comprehensive phar-
macoeconomic issues should be carefully deserved.

COSTS
- Direct
- Indirect
- Intangible

Table 3. Pharmacoeconomic variables of antimicrobial agents to be evaluated (modified from 
Nathwani D, personal communication, 2006)

TIME HORIZON
- Short-term
- Medium-term
- Long-term

PERSPECTIVE
- Society
- Patient
- Payer
- Provider
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